ABSTRACT Consciousness is frequently assessed in acutely brain-injured patients. However, a direct measure of consciousness based on neurological examinations and behavioral observations is time-consuming and costly in medical labors. This paper aims to explore effective quantitative electroencephalography (EEG) measures to facilitate the objective assessment of consciousness. We do two studies in this paper. In the first study, the EEG signals recorded from 27 cerebral hemorrhage patients are analyzed to explore whether the phase synchrony index is effective in distinguishing the states of consciousness in cerebral hemorrhage patients. In the second study, 14 EEG recordings from four ischemic stroke patients, who have experienced more than two types of conscious disturbance, are studied to complement the analysis of the longitudinal value of the phase synchrony index. In both studies, a weighted sum of the six quantitative EEG features is analyzed on its correlation with the level of consciousness, and a linear regression model is built for the correlation analysis. In the first study, the phase synchrony index of the left and the right hemispheres (PSI-LR) in the beta band has shown a significant correlation with the level of consciousness in cerebral hemorrhage patients (Pearson correlation coefficients ρ = 0.500 and Spearman correlation coefficients ρ = 0.400). In the second study, PSI-LR also shows a high correlation with the longitudinal changes of consciousness in ischemic stroke patients (Pearson correlation coefficients ρ = 0.884 and Spearman correlation coefficients ρ = 0.887). Furthermore, the linear regression model combining the six quantitative EEG (QEEG) features shows a determination coefficient of 44.2% in cerebral hemorrhage patients and 83.8% in longitudinal ischemic stroke investigations, respectively. The PSI-LR is an effective indicator in not only identifying the disturbance of consciousness in cerebral hemorrhage patients, but also monitoring the changes of consciousness in ischemic stroke patients. A linear combination of the six QEEG features investigated in this paper is a new measure to improve the assessment of consciousness.
I. INTRODUCTION
Impaired consciousness is frequent after brain injuries, such as cerebral infarction, cerebral hemorrhage, intracranial
The associate editor coordinating the review of this manuscript and approving it for publication was Kezhi Li. infection and epilepsy. In both an intensive care unit (ICU) and telemedicine, monitoring the states of consciousness in brain injuries is an essential and even critical task [1] . As patients and caregivers largely associate meaningful survival with the recovery of consciousness, reliable objective assessments of consciousness are of tremendously practical and ethical significance [2] , [3] .
Various clinical scales have been developed to assess the depth and duration of impaired consciousness and coma. However, these direct measures of consciousness based on neurological examinations and behavioral observations are time consuming and costly in medical labors. Objective assessments of consciousness using quantitative electroencephalography (QEEG) analysis may offer an alternative as some existing studies showed [4] - [6] .
Although functional magnetic resonance imaging (fMRI) has become a critical clinical assessment for ischemic stroke and cerebral hemorrhage, this method lends itself to limited training environments and has low temporal resolution. On the contrary, Electroencephalography (EEG) has higher temporal resolution and lower price than fMRI. Therefore, EEG is more suited for the continuous monitoring of brain activity and of patients' clinical states, especially for those patients who experience brain damage, coma and other disturbances of consciousness, in despite of its low spatial resolution and sensitivity to noise. As EEG is a technique that is routinely available in most neurophysiology laboratories, the results of our work in this paper might be important to the identification of a prognostic tool to assess patients with disturbances of consciousness due to severe brain damage.
A series of EEG patterns associated with the corresponding clinical presentations was recently published and many of them were demonstrated to be useful in QEEG analysis for assessing various clinical status [7] - [12] . For example, the delta/alpha power ratio (DAR) was revealed to be effective in classifying participants as acute ischemic stroke patients and controls [8] . The (delta + theta)/alpha power ratio (DTAR), the (alpha+beta) /(delta+theta) (DTABR), and the (delta+theta)/(alpha+beta) (PRI) were also power ratio measures based on Fast Fourier Transforms as DAR [9] , [10] . Additionally, the brain symmetry index (BSI) was found to be positively correlated with the National Institutes of Health Stroke Scale (NIHSS) score in stroke patients [11] . A report in Ann Neurology demonstrated that QEEG features including weighted pairwise phase consistency (WPPC) were able to improve the assessment of consciousness in comatose subarachnoid hemorrhage patients [12] . However, none of these individual QEEG features were identified to be significantly correlated with the level of consciousness in brain injuries, not to mention a specific one to correlated significantly with the level of consciousness in patients with cerebral hemorrhage.
In this paper, we have undertaken two studies. The first study deals with 27 cerebral hemorrhage patients from June 2017 to August 2018. The aim is to test the value of PSI-LR in the assessment of consciousness in the patients with cerebral hemorrhage. Cerebral hemorrhage, accounting for 10-15% of stroke cases, is the most lethal form of stroke with more than 40% higher 30-day mortality than ischemic stroke [13] . Impaired consciousness after cerebral hemorrhage is dangerous and it is necessary to monitor the states of consciousness in patients with impaired consciousness. Using bedside QEEG is an objective and convenient way to assess the states of consciousness than the measures through neurological examinations and behavioral observations. Therefore, we intend to explore whether QEEG features are effective in assessing the states of consciousness in cerebral hemorrhage patients. The results demonstrate that PSI-LR is significantly correlated with the level of consciousness in cerebral hemorrhage patients. The linear regression model constructed from the six QEEG measures (PSI-LR (alpha), PSI-LR(beta), BSI, DAR, DTAR and PRI) is effective in assessing the states of consciousness in cerebral hemorrhage patients.
The second study contains 14 EEG recordings from 4 ischemic stroke patients who have experienced more than two types of conscious disturbance. The aim of the second study is to explore whether PSI-LR could be an effective QEEG measure for monitoring consciousness changes in ischemic stroke patients. This longitudinal study is complementary to the transversal study in our previous paper which focus on the value of PSI-LR in ischemic stroke patients [14] . The correlation analysis show that the PSI-LR is positive correlated with the consciousness changes in ischemic stroke patients. And the linear regression model show that a linear combination of the six QEEG features investigated in this paper is extremely effective in monitoring consciousness changes in ischemic stroke patients.
II. MATERIALS AND METHODS

A. SUBJECTS
The patients in study 1 and study 2 were all inpatients admitted to the neurology department at Shanxi Provincial People's Hospital following acute stroke from June 2017 to August 2018. To explore the prognostic value of QEEG in different brain injuries, 27 cerebral hemorrhage patients (mean age ± standard deviation [SD] = 67.26 ± 12.49 years) were enrolled in study 1 and 4 ischemic stroke patients (mean age ± standard deviation [SD] = 70.00 ± 10.58 years) who all experienced more than two types of consciousness disturbance were enrolled in the study 2. In both studies, the inclusion criteria were as follows: (1) diagnosed with ischemic stroke, experienced two or more kinds of consciousness disturbances, and have corresponding EEG data that were recorded and available for analysis during behavioral assessment; or (2) diagnosed with cerebral hemorrhage and underwent EEG monitoring. The exclusion criteria were as follows: (1) age<18 years and (2) pregnant. All data were collected as part of a prospective observational cohort study approved by the local institutional review board.
B. CLINICAL AND BEHAVIORAL ASSESSMENTS
The state of consciousness of each patient was determined by using a hierarchical battery of observation assessments. immediately before EEG signals were recorded. All available CT and MRI scans were coded by an experienced neurologist blinded to the subjects' QEEG measures. We specifically quantified injury in the following regions: tegmentum, thalamus, diencephalon, frontal lobe, temporal lobe, and diffuse injury of both hemispheres. Moreover, all clinical assessments were performed by medical practitioners who were blinded to the subjects' QEEG measures.
C. EEG DATA COLLECTION AND PREPROCESSING
EEG was recorded using a digital video EEG bedside monitoring system (Solar 2000 N, Solar Electronic Technologies Co., Ltd, Beijing, China; sampling rate = 100 Hz). In the experiments, Ag/AgCl electrodes were positioned at FP1, FP2, C3, C4, O1, O2, T7, T8, A1 and A2 according to the international 10-20 system. In addition, electrodes were placed in close contact with the surface of the skin and were routinely checked to keep impedance below 10k . Each time, the EEG was continuously recorded for at least 2 hours. In this study, the maximum allowed interval between the end of the clinical exam and the start of the EEG recording time was 30 minutes.
Our EEG analysis was carried out offline in MATLAB (Mathworks, Natick, MA) through using the EEGLAB (version 14.1.1b) toolbox. The first step of data analysis was to detect bad EEG channels based on the statistics of neighboring channels and subsequent distance weighted linear interpolation. Then, the EEG data were re-referenced to an average reference. After that, high-pass filtering (0.5 Hz) and low-pass filtering (40 Hz) were successively applied to the EEG signals by using a basic finite impulse response (FIR) filter. The resulting EEG signals were segmented into 10-second epochs. For each of the resulting trials, we detected artifacts based on eye movements, muscle activity, and amplitude threshold violations (150µV) [15] . The trials with any of these artifacts were removed [16] , [17] .
D. QEEG MEASURES
To improve the assessment of consciousness in cerebral hemorrhage patients and ischemic stroke patients, we computed PSI-LR and other four existing QEEG features, BSI, DAR, DTAR, and PRI. The four features have been widely used in the assessment of the behavioral and clinical states in brain injurers.
1) PSI-LR
The phase synchrony index (PSI) has been quantitatively defined in our previous study [14] . It estimates the amount of synchronization between two data channels. Before calculating PSI, the instantaneous phase of EEG signals need to be computed. In this paper, the Hilbert transform was used to compute the instantaneous phase [17] . Then, the PSI of the left and right hemispheres (PSI-LR) was calculated based on PSI. PSI-LR is defined as follows:
where φ Lj (t k ) represents the instantaneous phase of the left channel of the jth channel pair, and φ Rj (t k ) stands for the instantaneous phase of the right channel of the jth channel pair; M is the number of the homologous electrode pairs; i is the imaginary unit; and t k means a discrete time-step. Importantly, the PSI-LR was computed as the spatial average of local PSIs across all hemispheric electrode pairs, estimating the phase difference between the left hemisphere and the right hemisphere of a patient. In this research, 60 epochs of EEG data were averaged to acquire a stable estimation of the relative phase. Furthermore, to explore the influence of band frequency on this QEEG measure, PSI-LRs were calculated in the α (8-12 Hz) and β (13-30 Hz) frequency bands, respectively. To further explore the relationships between the PSI and the level of consciousness, the following four local PSIs in the beta band were computed to detect the correlations of local phase synchrony with the level of consciousness: the PSI of channel FP1 and channel FP2 (PSI-FP1FP2); the PSI of channel C3 and channel C4 (PSI-C3C4); the PSI of channel O1 and channel O2 (PSI-O1O2); and the PSI of channel T7 and channel T8 (PSI-T7T8).
2) BSI
The brain symmetry index (BSI) for frequencies from 1 to 25 Hz was calculated based on the Fourier transform of EEG signals [17] . It is a normalized measure for interhemispheric spectral symmetry. BSI is also a widely used quantitative indicator of brain activity measured by EEG. It is defined as:
with R ij (L ij ) the Fourier coefficient belonging to frequency i = 1, 2, . . . , N of the right (left) hemispheric bipolar derivations j = 1, 2, . . . , M.
3) DAR, DTAR, PRI
Spectral ratios DAR, DTAR, and PRI were calculated, which demonstrate the frequency features of EEG signals [9] , [10] . To calculate these spectral ratios, separate mean spectral power values for one electrode were obtained at each of four frequency bands: delta (1-3 Hz) band, theta (4-7 Hz) band, alpha (8-12 Hz) band and beta (13-30 Hz) band based on Fast Fourier Transform. After an average scalp power from all electrodes, the above three spectral ratios DAR, DTAR, PRI were calculated as the ratios of mean spectral power of their specific frequency bands as follows:
E. STATISTICAL ANALYSIS Our statistical analysis was performed by using the IBM SPSS software (IBM Corp, Armonk, NY, USA) and R-Studio. In this study, the PSI-LR (beta), PSI-LR (alpha), four PSIs (PSI-FP1FP2, PSI-C3C4, PSI-O1O2 and PSI-T7T8), BSI, DAR, DTAR and PRI were considered continuous variables. Pearson and Spearman correlation analyses were used to assess the relationships between QEEG measures and the level of consciousness. To further probe whether the level of consciousness was related to QEEG features in this research, we performed a linear regression on the six different levels of consciousness (1: awakening; 2: somnolence; 3: stupor; 4: light coma; 5: middle coma; 6: deep coma). For all of analyses, significance level, P < 0.05 was considered statistically significant.
III. RESULTS
To evaluate the relationship between the clinical behavioral assessments and QEEG measures, the level of consciousness of brain injuries was assigned a score (LOC) from one to six. The state of deep coma was assigned as 6, middle coma was assigned as 5, light coma was assigned as 4, stupor was assigned as 3, somnolence was assigned as 2, and awakening was assigned as 1. This means that the higher LOC of a patient is, the more serious disturbance of consciousness was suffered. The following analysis was based on these score assignments. Table 2 summarizes the demographics and clinical characteristics of cerebral hemorrhage patients. Of 27 cerebral hemorrhage subjects, 16 were awake, 6 were under a somnolence consciousness state, three subjects were in light coma and two subjects were in middle coma.
2) CORRELATION OF THE LEVEL OF CONSCIOUSNESS WITH PSI-LR, BSI, DAR, DTAR, AND PRI IN CEREBRAL HEMORRHAGE PATIENTS
Let us use Pearson correlation coefficients, denoted by ρ, to analyze the correlation between QEEG measures and the level of consciousness in cerebral hemorrhage patients. PSI-LR in the beta band was significantly correlated with the level of consciousness (ρ = 0.500, P = 0.01 [ Fig. 1]) , and PRI was correlated with the level of consciousness (ρ = 0.320, P = 0.05 [ Fig. 1]) . However, the correlations of PSI-LR in the alpha band, BSI, DAR and DTAR with the level of consciousness did not reach statistical significance (Fig. 1) .
Additionally, when we used the Spearman correlation coefficient to assess the relationships between the level of consciousness and QEEG measures, the results were not as remarkable as those obtained with the Pearson correlation coefficient. The PSI-LR in the beta band was most positively correlated with the level of consciousness (ρ = 0.400, P = 0.05). However, the other five QEEG measures were not significantly correlated with level of consciousness.
3) CORRELATION BEWEEN THE LEVEL OF CONSCIOUSNESS AND THE LOCAL PHASE SYNCHRONY IN CEREBRAL HEMORRHAGE PATIENTS
The PSI-FP1FP2, PSI-C3C4, PSI-O1O2 and PSI-T7T8 in the beta band derived from cerebral hemorrhage patients were calculated as well. When the Pearson correlation coefficients were used to analyze the relationships between local PSIs and the levels of consciousness of hemorrhage patients, the four local PSIs were all significantly correlated with the level of consciousness (PSI-FP1FP2: ρ = 0.467, P = 0.05; PSI-C3C4: ρ = 0.388, P = 0.05; PSI-O1O2: ρ = 0.529, P = 0.01; and PSI-T7T8: ρ = 0.502, P = 0.01 [ Fig. 2]) .
When the Spearman correlation coefficient was used to analyze the correlations of the four local PSIs with the level of consciousness of hemorrhage patients, the results were not as remarkable as those obtained with the Pearson correlation coefficient. Three of the local synchrony measures were significantly correlated with the level of consciousness (PSI-FP1FP2: ρ = 0.439, P = 0.05; PSI-O1O2:ρ = 0.480, P = 0.05; and PSI-T7T8: 
4) REGRESSION MODEL IN CEREBRAL HEMORRHAGE PATIENTS
A linear regression analysis was also conducted to test the correlation of the level of consciousness with PSI-LR (beta), PSI-LR (alpha), BSI, DAR, DTAR and PRI in hemorrhage patients. The determination coefficient (R 2 ) was 0.442 as indicated in Tables 3. The F statistic was used to indicate the significance of the regression model as showed in Tables 4 (F = 2.638, P = 0.047). Table 5 shows the standard regression coefficients as calculated by our linear regression analysis, implying a descending influence of PSI-LR (beta), PSI-LR (alpha), BSI, and DAR,DTAR and PRI on the dependent variable (the level of consciousness, y). The following general regression equation was established: y = 0.095 + 5.894 × PSI-LR (beta) − 1.477 × PSI-LR (alpha) + 3.788 × BSI+1.210×DAR−1.577×DTAR+1.100×PRI. A further examination of the variables in the equation revealed that the independent variable, PSI-LR (beta), had significant effects on the dependent variable, i.e., the level of consciousness (P = 0.014). 
B. STUDY 2 ON ISCHEMIC STROKE PATIENTS 1) PATIENT CHARACTERISTICS IN STUDY 2
To investigate the relationships between QEEG measures and changes in the states of consciousness in ischemic stroke patients, 14 EEG recordings from four ischemic stroke patients who had experienced more than two types of consciousness disorders were selected from a larger dataset with 150 ischemic stroke patients. Of the four ischemic stroke subjects, two subjects presented with right hemispheric lesions, one with left hemispheric lesions, and one with bilateral hemispheric lesions. Table 6 summarizes the demographics and clinical characteristics of the six ischemic stroke patients.
2) CORRELATION OF THE LEVEL OF CONSCIOUSNESS WITH PSI-LR, BSI, DAR, DTAR, AND PRI IN ISCHEMIC STROKE PATIENTS
When Pearson correlation coefficients were used to analyze the correlation between QEEG measures and the level of consciousness in the four ischemic stroke patients, PSI-LR in both the alpha (8-12 Hz) and beta (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) bands were significantly correlated with the level of consciousness (β band: ρ = 0.884, P = 0.01 [ Fig. 3(a) ]; α band: ρ = 0.730, P = 0.01 [ Fig. 3(b)]) . However, the correlations of BSI, DAR, DTAR, and PRI with the level of consciousness did not reach statistical significance (Fig. 3(c), Fig. 3(d) , Fig. 3(e) and Fig. 3(f) ).
In addition, when we used the Spearman correlation coefficient to assess the relationships between the level of consciousness and QEEG measures, the results were not as remarkable as those obtained with the Pearson correlation coefficient. The PSI-LR in the beta band was most positively correlated with the level of consciousness (ρ = 0.887, P = 0.01 [ Fig. 2(a)]) . PSI-LR (alpha) tended to correlate with the level of consciousness (ρ = 0.650, P = 0.05 [ Fig. 2(b)]) . However, the correlations of BSI, DAR, DTAR and PSI with level of consciousness did not reach statistical significance.
3) CORRELATIONS BETWEEN THE LEVEL OF CONSICIOUSNESS AND THE LOCAL PHASE SYNCHRONY IN ISCHEMIC STROKE PATIENTS
The PSI-FP1FP2, PSI-C3C4, PSI-O1O2 and PSI-T7T8 in the beta band were calculated to analyze the correlations of local phase synchrony with the level of consciousness. The Pearson correlation analysis showed that the four local PSIs in the beta band were significantly correlated with the 
4) REGRESSION MODEL IN ISCHEMIC STROKE SUBJECTS
After correlations analysis, we undertook a linear regression analysis to explore the correlation of the level of consciousness with PSI-LR (beta), PSI-LR (alpha), BSI, DAR, DTAR, and PRI in ischemic stroke subjects. Tables 7 and 8 demonstrate the determination coefficient, R 2 , to be 0.838 and the significance of the regression model, F statistic to be 6.036 (P = 0.016). Table 9 shows the standard regression coefficients as calculated by the linear regression analysis, revealing the influence of PSI-LR (beta), PSI-LR (alpha), BSI, DAR, DTAR, and PRIon the dependent variable (the level of consciousness, y). The following general regression equation is obtained: y = −2.505+13.211×PSI-LR (beta)− 5.626 × PSI-LR (alpha) + 4.063 × BSI + 0.408 × DAR − 0.433×DTAR+0.521×PRI. An examination of the variables within the equation reveals that the independent variable, PSI-LR (beta), has significant effects on the dependent variable, i.e., the level of consciousness (P = 0.009).
IV. DISCUSSIONS A. SELECTION OF QEEG FEATURES
To improve the objective assessment of consciousness in patients with ischemic stroke and cerebral hemorrhage, this paper studied six QEEG features, BSI, DAR, DTAR, PRI, PSI-LR in the beta band, and PSI-LR in the alpha band.
The reason to choose DAR, DTAR, and PRI is that they are ratios between different spectral bands, each of which measures the background activity of EEG [9] , [10] . It is revealed the EEG background activity and EEG reactivity of standard EEG helps the diagnostic process of disorders of consciousness [18] . Synec scale that quantifies the EEG abnormalities based on the ratios of different frequency band activities is shown to have prognostic value in traumatic and nontraumatic disorders of consciousness following coma [19] . A paper in Brain has revealed that theta and alpha band power of EEG efficiently indexes the state of consciousness [5] .
BSI is selected because it is a widely used quantitative indicator of brain activity measured by EEG [11] , [20] .
PSI-LR in the beta band and the alpha band is selected based on the observations in our previous study [14] . It has a close relationship with the level of consciousness in ischemic stroke patients. PSI-LR estimates the phase difference between the left inter hemisphere and the right inter hemisphere. In fact, other existing QEEG measures have been studied based on the phase of EEG signals. For instance, the phase lag index (PLI) and the imaginary component of coherency (IC) were used to detect changes in the beta band connectivity in Alzheimer's disease patients [21] . The Weighted Phase Lag Index (wPLI) was found to be useful in distinguishing wakefulness from sleep [15] . Phase synchronization (PS) was revealed to be relevant to long-term functional recovery after stroke [22] . However, PSI-LR is the one which is able to help identify disorders of consciousness in ischemic stroke patients and cerebral hemorrhage patients.
B. THE ROLE OF PSI-LR IN IDENTIFYING THE STATES OF CONSCIOUSNESS IN CEREBRAL HEMORRHAGE PATIENTS
Although the correlation of PSI-LR with the level of consciousness of patients with cerebral hemorrhage is not as high as that of patients with ischemic stroke, the correlation is also positive and statistically significant. Thus, PSI-LR is effective in the identification of disturbances in the consciousness of cerebral hemorrhage patients. Our regression analysis indicated that the accuracy rate of the assessment of the level of consciousness based on the four QEEG features in this study was 66.10%, which is considered relatively high.
C. THE VALUE OF PSI-LR IN MONITORING THE CHANGES OF CONSCIOUS STATE IN ISCHEMIC STROKE PATIENTS
We showed previously that PSI-LR had a positive transverse correlation with the level of consciousness based on 82 ischemic stroke subjects [14] . In this study, we revealed the ability of PSI-LR to monitor changes in the states of consciousness for ischemic stroke patients. This answered the question whether the longitudinal correlations of PSI-LR correlated with the level of consciousness of patients with ischemic stroke. We found that PSI-LR had a higher correlation coefficient in the longitudinal correlation analysis of ischemic stroke patients than in the transverse analysis. In other words, PSI-LR is more effective at monitoring changes in the state of consciousness than at identifying disorder of consciousness in patients with ischemic stroke. This result may be due to that in the transverse analysis, individual differences in EEG impact the PSI-LR value in the VOLUME 7, 2019 assessment of the level of consciousness, whereas the impact of individual differences in longitudinal analysis has been greatly reduced.
D. EFFECTS OF ELECTRODES AND BAND FREQUENCY
In this paper, the experiment results showed that the four QEEG features calculating from eight electrodes were significantly correlated with the level of consciousness in cerebral hemorrhage patients. These results further affirmed that a high-density electrode array was not essential at all time. It is worth mentioning that many previous studies were based on eight electrodes and even four electrodes [10] , [23] .
Our experiments demonstrated that PSI-LRs in the beta band were more positively correlated with the level of consciousness of patients with ischemic stroke and cerebral hemorrhage than PSI-LRs in the alpha band. Nevertheless, both measures were significantly correlated with the level of consciousness of ischemic stroke patients. This result is consistent with previous EEG studies [24] , [25] .
E. LIMITATIONS AND FURTHER RESEARCH
Our study has some limitations. The number of subjects used in the longitudinal investigations in ischemic stroke was still small. However, we detected changes in the level of consciousness of ischemic stroke patients by using PSI-LR. More importantly, the result was consistent with, and similar to, our previous study [14] , in which 82 ischemic stroke subjects were used to explore the relationships between PSI-LR and the level of consciousness. Another limitation is the lack of longitudinal investigations in cerebral hemorrhage patients due to the lack of related data. The last limitation is that the generalizability of what has been reported in this paper requires more and in-depth investigations in future work through more and bigger datasets. Future studies will verify the value of the PSI in the identification of brain injuries with disorder of consciousness based on larger data sets.
V. CONCLUSION
The examinations in this study indicated that PSI-LR was a promising index for identifying disturbances of consciousness in ischemic stroke patients, and also for monitoring the changes in the state of consciousness in ischemic stroke patients. A linear regression constructed on the six QEEG features (PSI-LR(alpha), PSI-LR(beta), BSI, DAR, DTAR and PRI) helped improve the assessment of consciousness in cerebral haemorrhage patients and monitor the changes in consciousness in ischemic stroke patients. 
